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A B S T R A C T
The aim of this study was to analyze mortality and hospital morbidity from ischemic heart disease (IHD) and cere-
brovascular disease (CVD) in the population aged 18+ years in different regions of Croatia, in 1997 to 2006 period. Mor-
tality data were supplied by Central Bureau of Statistics, while hospital morbidity data were obtained from hospital dis-
charge database at Croatian National Institute of Public Health. In Mediterranean region rates of IHD mortality were
lower, while rates of hospitalization due to IHD have been higher than those for Croatia in the entire period. Rates of IHD
mortality for Continental part have not been different from mean rates for Croatia while rates of hospitalization due to
IHD have been lower than rates for Croatia in entire period. Rates of CVD mortality and rates of hospitalization due to
CVD for Mediterranean part have been lower than rates for Croatia, while both rates for Continental part have been
higher than rates for Croatia during entire period. This analysis identified the regions in which significant deviations
from the general trend suggest the need for creation of a new national public health intervention model, focusing on
changeable behaviour (lifestyles) risk factors.
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Introduction
The number of elderly is growing rapidly worldwide,
with over 580 million people who are older than 60 years,
and the projected figure reaching to 1 billion by the year
20201. With the increase in life expectancy, the leading
causes of death have shifted dramatically from infectious
diseases to noncommunicable diseases and from younger
to older age groups. About 75% of deaths in persons older
than the age of 65 in industrialized countries are attrib-
utable to the cardiovascular diseases and cancer2. Ische-
mic heart disease (IHD) and cerebrovascular disease
(CVD) continues to be the leading cause of death in
adults in developed countries. During the entire 20th cen-
tury, a dynamic worldwide changes in IHD and CVD
mortality were recorded. Many Western European coun-
tries and US documented a rise in mortality from IHD
and CVD until the 1960s and 1970s, with substantial de-
clines since those peaks. The changes in mortality from
IHD and CVD in the western world during recent de-
cades have not been regionally homogenous. Mortality
time trend differences have been shown both between
and within countries3–5. Trends for IHD and CVD mor-
tality have been strikingly different in Eastern European
countries compared with the Western European coun-
tries and US including high rates of IHD and CVD
mortality in Eastern Europe that continue to rise and an
ominous epidemic of IHD and CVD6–11.
Although international variation in IHD and CVD
mortality rates is not well understood, temporal and
cross-population variations in lifestyle, socio-environmen-
tal, and medical care determinants within countries and
between countries may provide a partial explanation12–22.
IHD and CVD in Croatia have been increasing con-
stantly and present the leading cause of death in Croatia
in the last two decades23–31. In 2006, 25 611 people (rate
577/100 000) died from circulatory disease group, with a
51% share in total mortality. The leading diagnostic enti-
ties are ischemic heart disease and cerebrovascular dis-
eases with their respective shares of 38% and 32% in cir-
culatory disease group. From ischemic heart disease died
4 730 men, with a 19% share in all-cause mortality and
from cerebrovascular diseases died 3 369 men (13% share
in all-cause mortality causes of death). Ischemic heart
disease is the leading diagnosis of death in women to, of
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which 5 092 women died (20% share in all-cause mortal-
ity). It is followed by cerebrovascular diseases, responsi-
ble for 4 706 deaths (19% share in all-cause mortality)32.
According to ischemic heart disease – related mortal-
ity, Croatia with its standardized mortality rate of 160/
100 000 belongs to European countries with medium
high mortality rates The European region average is
210/100 000 and EU 103/100 000. Eastern European
countries generally have higher mortality rates than
Croatia, while Western and Southern (Mediterranean)
Europe has lower mortality rates than Croatia. Mortality
due to cerebrovascular diseases are similar in Croatia
(standardized rates: 126/100 000) and European region
(127/100 000). Eastern European countries generally
have higher mortality rates than Croatia, while Western,
Southern (Mediterranean) Europe and EU has lower
mortality rates than Croatia33.
In this paper we present burden of IHD and CVD in
terms of the number of hospital admissions and deaths
caused by these disease. The primary aim of the present
study was to analyze mortality and morbidity from IHD
and CVD in the population aged 18+ years in different
regions of Croatia, in 10-year period, from 1997 to 2006.
A further aim was to identify regions in which significant
deviations from the general trend might suggest a need
for health care interventions, from health promotion and
primary prevention, early diagnosis and treatment to pa-
tient rehabilitation..
Materials and Methods
Mortality data for 10-year period (1997–2006) were
supplied by Central Bureau of Statistics, while hospital
morbidity data for 9-year period (1998–2006) were ob-
tained from hospital discharge database at Croatian Na-
tional Institute of Public Health. Data for hospital mor-
bidity included only 9-year period as they have been
available in digital form at county level only since 1998.
International Classification of Diseases, 10th revision
(ICD-10) was used in all the years under study for coding
of both mortality and morbidity data according to WHO
instructions. Data for hospital morbidity comprise all
hospitalizations in all hospitals in Croatia (both public
and private), except prison hospital.
Diagnostic codes were selected as defined in ICD-10:
I20-I25 for ischemic heart disease; I60-I69 for cerebro-
vascular diseases. Population data were obtained from
Census 2001.
National, county and Continental/Mediterranean part
mortality and hospital morbidity age- and sex-adjusted
rates with 95% CI were calculated using European stan-
dard population – old as the standard for direct adjust-
ment. Mediterranean part of Croatia for our analysis in-
cluded seven counties (Istra, Primorje-Gorski kotar, Lika-
-Senj, Zadar, [ibenik-Knin, Split-Dalmatia and Dubrov-
nik-Neretva) which encompass coastal area character-
ized by Mediterranean nutrition and lifestyle which have
been reported as inversely associated with cardiovascu-
lar and cerebrovascular mortality. Remaining 13 coun-
ties and City of Zagreb formed Continental part in which
nutritional habits and lifestyle resemble those in Central
European countries (Hungary, Slovenia, Austria). Coun-
ties were grouped in Continental and Mediterranean
part only for purpose of this study, the only official re-
gional units in Croatia are counties which were to small
for purpose of our analysis.
Mortality and hospital morbidity rate trends were
evaluated by log-linear regression model at county, Con-
tinental/Mediterranean part and national level. The av-
erage annual percent change for each rate was calculated
from regression model and ANOVA was used to obtain its
significance level (p<0,05).
Results
Rates of IHD mortality for Mediterranean part have
been significantly lower than rates for Croatia in entire
period 1997–2006, except for 1998, 1999 and 2000 for
which rates were not significantly different, while rates
of IHD mortality for Continental part have not been dif-
ferent from the mean rates for Croatia (Table 1).
In 2006, 8 counties had higher rates of IHD mortality
than rate for Croatia: Zagreb, Sisak-Moslavina, Kopriv-
nica-Kri`evci, Bjelovar-Bilogora, Primorje-Gorski Kotar,
Lika-Senj, Osijek-Baranja and Istria, while 5 counties
had lower rates of IHD mortality than rate for Croatia:
Zadar, [ibenik-Knin, Split-Dalmatia, Me|imurje and City
of Zagreb. In remaining 8 counties IHD mortality rates
did not differ from rate for entire Croatia (Table 1).
Between 1997 and 2006, the age- and sex-adjusted
rates of IHD mortality significantly increased in seven
counties: Zagreb, Sisak-Moslavina, Karlovac, Po`ega- -Sla-
vonija, Brod-Posavina, Osijek-Baranja and Vukovar-Sri-
jem. No significant change was recorded in remaining
counties, in Continental and Mediterranean parts and in
Croatia as a whole (Table 1, Figure 1).
Rates of hospitalization due to IHD for Mediterra-
nean part have been significantly higher than rates for
Croatia in 1999, 2000, 2004 and 2005, while rates of hos-
pitalization due to IHD for Continental part have been
significantly lower than rates for Croatia in 2000, 2004
and 2005 (Table 2).
In 2006, 5 counties had higher rates of hospitaliza-
tion due to IHD than rate for Croatia: Primorje-Gorski
Kotar, Virovitica-Podravina, Brod-Posavina, Zadar and
Istria, while 8 counties had lower rates than rate for
Croatia: Zagreb, Vara`din, Bjelovar-Bilogora, [ibenik-
-Knin, Split-Dalmatia, Dubrovnik-Neretva, Me|imurje
and City of Zagreb. In remaining 8 counties IHD hospi-
talization rates did not differ from rate for entire Cro-
atia (Table 2).
The age- and sex-adjusted rates of IHD hospitaliza-
tions significantly increased between 1998 and 2006 in
two counties: Koprivnica-Kri`evci and Osijek-Baranja.
No significant change was recorded in remaining coun-
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ties, in Continental and Mediterranean parts and in
Croatia as a whole (Table 2, Figure 2).
Rates of cerebrovascular disease (CVD) mortality for
Mediterranean part have been lower than rates for Croatia,
while rates for Continental part have been higher than
rates for Croatia during entire period 1997–2006 (Table 3).
In 2006, 11 counties (all from Continental part) had
higher rates of CVD mortality than rate for Croatia:
Krapina-Zagorje, Sisak-Moslavina, Karlovac, Koprivni-
ca-Kri`evci, Bjelovar-Bilogora, Virovitica-Podravina, Po-
`ega-Slavonija, Brod-Posavina, Osijek-Baranja, Vukovar-
-Srijem and Me|imurje, while 6 counties (5 of which
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Fig. 1. Regional trends in ischemic heart disease – age- and sex-
-adjusted mortality rates: Croatia, 1997–2006. Black-significant
increase, white-significant decrease, grey – no change. The num-
ber denotes the ratio of each county to the 2006 mean rate for
Croatia (asterisk denotes significant difference).
Fig. 2. Regional trends in cerebrovascular diseases – age- and
sex-adjusted mortality rates: Croatia, 1997–2006. Black-signifi-
cant increase, white-significant decrease, grey – no change. The
number denotes the ratio of each county to the 2006 mean rate for
Croatia (asterisk denotes significant difference).
Fig. 3. Regional trends in ischemic heart disease – age- and sex-
-adjusted hospital morbidity rates: Croatia, 1998–2006. Black-
-significant increase, white-significant decrease, grey – no chan-
ge. The number denotes the ratio of each county to the 2006 mean
rate for Croatia (asterisk denotes significant difference).
Fig. 4. Regional trends in cerebrovascular diseases – age- and
sex-adjusted hospital morbidity rates: Croatia, 1998–2006.
Black-significant increase, white-significant decrease, grey – no
change. The number denotes the ratio of each county to the 2006
mean rate for Croatia(asterisk denotes significant difference).

































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































from Mediterranean part) had lower CVD mortality ra-
tes than rate for Croatia: Primorje-Gorski Kotar, Zadar,
Split-Dalmatia, Istria, Dubrovnik-Neretva and City of
Zagreb. In remaining 4 counties CVD mortality rates did
not differ from rate for entire Croatia (Table 3).
Between 1997 and 2006, the age- and sex-adjusted
rates of CVD mortality significantly increased in four
counties: Sisak-Moslavina, Karlovac, Brod-Posavina and
Vukovar-Srijem, while significant decrease was recorded
in 11 counties: Zagreb, Krapina-Zagorje, Vara`din, Pri-
morje-Gorski Kotar, Virovitica-Podravina, Po`ega-Slavo-
nija, [ibenik-Knin, Istria, Dubrovnik-Neretva, Me|imur-
je and City of Zagreb as well as in both Continental and
Mediterranean part and entire Croatia. No significant
change was recorded in remaining 6 counties (Table 3,
Figure 3).
Rates of hospitalization due to CVD for Mediterra-
nean part have been significantly lower than rates for
Croatia in entire period 1997–2006, except 2004 and
2005 when no significant difference was recorded, while
rates of hospitalization due to CVD for Continental part
have been significantly higher than rates for Croatia in
entire period, except in 2004 and 2005 when no signifi-
cant difference was recorded (Table 4).
In 2006, 11 counties had higher rates of hospitalization
due to CVD than rate for Croatia: Krapina-Zagorje, Si-
sak-Moslavina, Karlovac, Koprivnica-Kri`evci, Bjelovar-
-Bilogora, Virovitica-Podravina, Po`ega-Slavonija, Brod-
-Posavina, Osijek-Baranja, Vukovar-Srijem and Istria, while
8 counties had lower rates than rate for Croatia: Zagreb,
Primorje-Gorski Kotar, Lika-Senj, Zadar, Split-Dalmatia,
Dubrovnik-Neretva, Me|imurje and City of Zagreb. In re-
maining 2 counties CVD hospitalization rates did not dif-
fer from rate for entire Croatia (Table 4).
The age- and sex-adjusted rates of CVD hospitaliza-
tions significantly increased between 1998 and 2006 only
in Istria county, while significant decrease in the number of
hospitalizations was recorded in three counties: Zadar, Me-
|imurje and City of Zagreb. No significant change was re-
corded in remaining counties, in Continental and Medite-
rranean parts and in Croatia as a whole (Table 4, Figure 4).
Discussion
Our analysis has showed that ischemic heart disease
and cerebrovascular disease are still the leading cause of
death in Croatia and all of its regions in the period
1997–2006. Croatian age adjusted mortality from IHD
are 160.3 and from CVD 126.1 per 100 000 (year 2006).
The rates of IHD mortality for nearby countries are
higher only for Hungary (261.3) but lower for Slovenia
(67.2) and Italy (64.1). The rates of CVD mortality for
Hungary (108.2), Slovenia (56.5) and Italy (49.1) are
lower than the rates for Croatia33. The mortality from
ischemic heart disease for Croatia decreased from 1997
to 2002, raised sharply in 2003 and fell again afterwards.
In 2003 total number of deaths for entire Croatia in-
creased by 3,000 (from around 49,500 to around 52,500)
compared to 2002 and majority of previous and following
years. No changes in legislative or coding practices oc-
curred in 2003, therefore the cause of this increase in
2003 should be further investigated. The mortality from
cerebrovascular disease (stroke) decreasing over the pe-
riod studied. Regional differences for CVD morbidity and
mortality are more prominent than IHD differences. An
increment in IHD rates was registered in 7 counties. No
countries, however, registered reductions. The increase
was most commonly registered in the counties which
were most affected by the Homeland War and had poor
economic indicators, but also in continental counties
with more dominant risk factors in comparison with
other, primarily Mediterranean southern parts of Cro-
atia. The rates of IHD mortality for the Mediterranean
region are significantly lower than the average rates for
Croatia during entire period. The rates are higher in
some continental and 3 northern coastal counties. The
reason could be that the three counties, Istria, Pri-
morsko-Goranska and Li^ko-Senjska Counties, include
parts not typically Mediterranean (Lika, Gorski Kotar
and the inland Istria). In terms of IHD morbidity, it
should be pointed out that there is no compatibility with
IHD mortality rates, whether positive or inverse. Trends
of increase are less prominent and are present in only
two counties, Koprivnica-Kri`evci and Osijek-Baranja,
with a higher mortality than is the mean rate for Croatia.
This was a descriptive study and the validity of the study
depends on the accuracy of the primary cause of death or
the primary diagnosis at discharge. In hospital admis-
sions of IHD it is important to recognize that multiple
admissions of the same patient cannot be determined. An
additional factor in the rise of the number of admissions
for IHD could be the introducing or intensive use of diag-
nostic and therapeutic procedures. The results should be
taken with caution due to a possible variability and dif-
ferences in quality of hospital data and related rates. The
mortality from CVD has not, however, increased signifi-
cantly, except in 4 war-affected counties: Sisa~ko-Mo-
slava~ka, Karlova~ka, Brodsko-Posavska and Vukovar-
sko-Srijemska. Rate reduction was, however, noted in 11
counties, and both regions (Mediterranean and continen-
tal), if analyzed as a whole. With respect to the geo-
graphic distribution of mortality, the results indicate
that continental-Mediterranean differences still exist,
with higher mortality rates for CVD in the continental
part. Hospital morbidity rates are more congruent with
mortality rates than is the case with IHD, and higher in
the continental than Mediterranean area. Morbidity tre-
nds, both CVD and IHD-related, are less prominent,
when compared with mortality. The possible causes of
such inconsistencies, both for CVD and IHD, are possible
variability and differences in the quality of hospital dis-
charge data. City of Zagreb has significantly lower mor-
tality and hospital morbidity rates, both for IHD and
CVD, than is the average for Croatia. Consequently, if
the data on hospital treatment are complete and authen-
tic, it may be due to the influence of a better socioeco-
nomic status and education in the Croatian capital. Tren-
ds in mortality and the geographic distribution of IHD
and CVD can be explained by various factors including
geographical differences and environment, differences in
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the prevalence of cardiovascular risk factors, differences
in demographic characteristics and socio-eco- nomic le-
vel, as well as differences in the quality of health care. It
has been suggested that general health and economic
conditions, even in early life, can be partially responsible
for variable rates attributable to cardiovascular disea-
ses34–37. An inadequate control of classic cardio- vascular
risk factors may contribute to an unnecessary number of
deaths attributable to IHD and CVD that is control of hy-
pertension and hypercholesterolemia. The same happens
with overweight/obesity and diabetes, as well as un-
healthy habits (smoking, nutrition, physical inactivity).
Cross-population differences in genetic susceptibility to
CVD and CVD risk factors have also been suggested38–40.
All present analyses have shown differences in the geo-
graphical distribution of cardiovascular mortality, as well
as certain risk factors for the same diseases in Cro-
atia30,41–43. One of the cardiovascular disease mortality
analyses for ages 35–64 in 2003 produced the highest
male and female rate for Central Croatia. The lowest
rates were discovered in the Zadarska County31. IHD and
CVD were, however, not separately analyzed. It has been
shown in the Croatian adult household health survey
(HHS) in 2003 that the prevalence of cardiovascular risk
factors is high in Croatia, with regional and gender dif-
ferences. The southern (Mediterranean) region had a low
prevalence of inadequate nutrition, while Zagreb a very
prevalent physical inactivity. The eastern part led in un-
healthy nutrition, the south in high alcohol consump-
tion)44. Overweigh and obesity was more prevalent in the
continental and western part of the country. The most
serious risks for men in general are high arterial blood
pressure, smoking, physical inactivity, alcohol consump-
tion, inadequate nutrition and weight. For women, it is
high arterial blood pressure, physical inactivity, weight,
smoking, inadequate nutrition and alcohol consump-
tion45–50. Overall prevalence of hypertension in Croatia
in HHS was 45.5% and there was no difference between
the continental and Mediterranean regions51. The data
from the LIBS-5 study for 15 EU countries have ranked
Croatia first according to the prevalence of hypertension
and smoking among hospitalized IHD patients, fourth
according to the presence of hypercholesterolemia, and
second according to the number of diabetics. The preva-
lence of all analyzed risk factors was higher than the EU
average. Only one (Rijeka) of 4 regions (Split, Zagreb,
Osijek and Rijeka) had lower rates than was the EU aver-
age, according to hypercholesterolemia prevalence52. The
results showed that the lowest prevalence of the X syn-
drome was the lowest in the Adriatic Croatia, when com-
pared with the continental Croatia and the City of Za-
greb. The present study was carried out using official
statistics. In the absence of data on incidence and hospi-
tal mortality, data from death certificates and hospital
discharges were used. In terms of limitations, the present
study experienced problems in obtaining quality data
from death certificates for elderly people, especially for
over 65 year of age with multiple cause of death, al-
though death certificates in Croatia have been shown to
be of good quality.
Death certificates in Croatia are fulfilled by certified or
medical doctors who treated patient; they are validated in
Croatian National Institute of Public Health and may be
sent back for corrections if not fulfilled according to WHO
criteria. Fulfilling of hospital discharge diagnoses data
does not require any certificate and the data are much
more numerous compared to mortality data (more than
600,000 hospitalizations vs. around 50,000 deaths), there-
fore such a detailed control of hospital discharge data is
not possible. This is the reason why variability and differ-
ences in quality are considered to be greater for hospital
data than for mortality data. Both for mortality and hospi-
tal morbidity data ICD-10 was used for coding during the
entire study period (1997–2006) and no legal changes or
changes in coding practice which would influence ob-
served rates occurred during that time.
In conclusion, this study has shown that the increase
in mortality from IHD and the decrease in mortality
from CVD, observed in Croatia as a whole, are not ho-
mogenous across the country. In some counties, there is
very little variation over the study period, a result which
hints at a possible stabilization of mortality rates. In a
small number of counties, a non-statistically significant
increase in mortality rates was observed, though this re-
sult needs to be confirmed over time. The high preva-
lence of CV risk factors provides a good opportunity for
action and improvement. The results should be useful in
prioritizing between counties when deciding on where
health care interventions should be focused. Trends in
IHD and CVD hospital morbidity and mortality rates re-
sult from a combination of risk factors that affect the
rates of incidence events (first event), recurrent events,
disease severity and case-fatality. Measures of these com-
ponents can lead to the strategies that may lower mortal-
ity from cardiovascular diseases. There is a need of evalu-
ation of existing national and regional activities for the
promotion of cardiovascular health, particularly regard-
ing deployment of promotional measures and creation of
new, modern, improved national public health interven-
tion model based on regional peculiarities and needs, fo-
cusing on changeable behaviour (lifestyles) risk factors,
such as tobacco smoking, unhealthy dietary habits, phys-
ical inactivity and alcohol consumption, in order to im-
prove cardiovascular health of Croatian population. This
new national public health intervention model need to be
based on key messages structured around a four-pronged
approach of healthy eating, physical activity, non smok-
ing and moderate alcohol consumption. Furthermore,
this new, national public health intervention model need
to be adaptable to specific environment of certain region
to be used in conjunction with existing related regional
cardiovascular health promotion programs for reduction
of cardiovascular morbidity.
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TRENDOVI I REGIONALNE RAZLIKE U ISHEMIJSKIM BOLESTIMA SRCA
I CEREBROVASKULARNIM BOLESTIMA U HRVATSKOJ, 1997–2006
S A @ E T A K
Cilj rada je analiza stope smrtnosti i bolni~kog pobola od ishemijskih bolesti srca i cerebrovaskularnih bolesti odrasle
populacije Hrvatske tijekom 10-godi{njeg razdoblja, od 1997. do 2006. godine. Podaci o umrlima dobiveni su iz Dr`av-
nog zavoda za statistiku, a podaci o hospitaliziranima iz baze podataka o bolni~kim otpustima pri Hrvatskom zavodu za
javno zdravstvo. Stope umrlih od ishemijskih bolesti srca tijekom promatranog perioda ni`e su u mediteranskom dijelu
Hrvatske, a ne razlikuju se u kontinentalnoj Hrvatskoj u odnosu na hrvatski prosjek. Stopa hospitalizacija od ishe-
mijskih bolesti srca vi{a je na Mediteranu, a ni`a na kontinentalnom dijelu u odnosu na prosjek za Hrvatsku. Stope
umrlih, kao i stope bolni~kog pobola od cerebrovaskularnih bolesti ni`e su u mediteranskoj, a vi{e u kontinentalnoj
Hrvatskoj u odnosu na prosjek za Hrvatsku tijekom promatranog perioda. Ova analiza identificira dijelove, `upanije ili
regije, Hrvatske u kojima postoje zna~ajna negativna odstupanja i ukazuju na potrebu za javnozdravstvenom inter-
vencijom.
S. Musi} Milanovi} et al.: Trends in Cardiovascular Disease, Coll. Antropol. 33 (2009) Suppl. 1: 47–60
60
